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b o n d i n g and f i b e r f r a c t u r e o n t h e b e h a v i o r o f h i g h t e m p e r a t u r e m e t a l m a t r i x composites. Composite p l y p r o p e r t i e s a r e c a l c u l a t e d f o r v a r i o u s degrees of d i s b o n d i n g t o e v a l u a t e t h e s e n s i t i v i t y o f t h e s e p r o p e r t i e s t o t h e presence o f f i b e r l m a t r i x disbondi n g and f i b e r f r a c t u r e . The mechanics o f mater i a l s approach a l l o w s f o r t h e d e t e r m i n a t i o n of t h e b a s i c p l y m a t e r i a l p r o p e r t i e s 'needed f o r d e s i g n / a n a l y s i s of composites. The f i n i t e element method p r o v i d e s t h e n e c e s s a r y s t r u c t u r a l response ( f o r c e s and d i s p l a c e m e n t s ) f o r t h e mechanics o f m a t e r i a l s e q u a t i o n s . R e s u l t s show t h a t d i s b o n d i n g o f f r a c -
t u r e d f i b e r s a f f e c t o n l y E Q l l and aQ11 s i g n i f i c a n t l y . thermal e x p a n s i o n c o e f f i c i e n t s t r a i n
P o i s s o n ' s r a t i o s t r e s s Laminate c o o r d i n a t e a x i s system w i t h f i n i t e element a n a l y s i s t o d e t e r m i n e t h e b e h a v i o r o f epoxy m a t r i x c o m p o s i t e s . T h i s method has been extended t o h i g h t e m p e r a t u r e metal m a t r i x compos i t e s . 2
r e p l a c e e x p e r i m e n t s ; b u t , t o p r o v i d e needed i n f o r m a t i o n n o t y e t a v a i l a b l e t h r o u g h e x p e r i r e n t s .
The f i n i t e e l e m e n t method p r o v i d e s a means t c c o m p u t a t i o n a l l y s i m u l a t e a p h y s i c a l e x p e r i m e n t t o e s t i m a t e q u a n t i t i e s which a r e d i f f i c u l t , or i m p o s s i b l e . t o menasure. i n f l u e n c e o f d i s b o n d i n g o f f r a c t u r e d f i b e r s o n t h e p l y p r o p e r t i e s o f m e t a l m a t r i x composites. I n t h e s t u d y t h e disbonded f i b e r i s c o n s i d e r e d f r a ct u r e d and t h e r e f o r e t h e l o a d t r a n s f e r between t h e f i b e r and m a t r i x i s i n h i b i t e d b y t h e amount o f d i s b o n d i n g .

The f i n i t e element method i s n o t i n t e n d e d t o The o b j e c t i v e o f t h i s work i s t o s t u d y t h e Mode 1 i n g The c o m p o s i t e system c o n s i d e r e d f o r t h i s work
A n a l y s e s f o r h i g h t e m p e r a t u r e and room i s P100-Graphite/Copper a t 0 . 4 6 6 f i b e r volume r a t i o . t e m p e r a t u r e p l y m a t e r i a l p r o p e r t i e s a r e conducted U s i n g V e r s i o n 65 o f MSC/NASTRAN.
A u s e f u l a n a l y t i c a l tool i n t h e e v a l u a t i o n of s t r u c t u r e s w i I h r e p e a t e d geometry i s f i n i t e e l e m e n t a n a l y s i s u s i n g t h e superelement m e t h~d .~ i n v o l v e s t h e p a r t i t i o n i n g o f a f i n i t e element mesh i n t o s e p a r a t e c o l l e c t i o n s of elements c a l l e d superelements.
Each superelement i s s o l v e d sepa r a t e l y and t h e n combined t o complete t h e a n a l y s i s . n a t u r e , c o n s i s t i n g o f a u n i t c e l l ( F i g . 1 ) and images o f t h e u n i t c e l l ; t h e r e f o r e , d i s c o n t i n ui t i e s can e a s i l y be added b y s u b s t i t u t i n g a c o n v e n t i o n a l mesh, which models t h e d i s c o n t i n u i t y , i n p l a c e o f one o f t h e images. mesh can a l s o be imaged t o s i m u l a t e m u l t i p l e d i s c o n t i n u i t i e s w i t h i n t h e composite m a t e r i a l . Some d i s c o n t i n u i t i e s o f i n t e r e s t t h a t can be modeled i n t h i s manner a r e p a r t i a l b o n d i n g and f i b e r f r a c t u r e , b o t h common i n m e t a l m a t r i x composite m a t e r i a l s . where S I i s t h e l e n g t h i n t h e 11 d i r e c t i o n . t i o n i n t h e Y d i r e c t i o n as a r e s u l t o f t h e e n f o r c e d d i s p l a c e m e n t i n t h e X. D i v i d i n g t h i s d e f l e c t i o n b y t h e w i d t h o f t h e model y i e l d s a s t r a i n i n t h e t r a n s v e r s e d i r e c t i o n ( 2 2 ) . The 
To c a l c u l a t e t h e P o i s s o n ' s r a t i o we23 and t h e t r a n s v e r s e modulus E~2 2 . t h e f a c e w i t h t h e n e g a t i v e Y d i r e c t i o n as i t s normal i s f i x e d i n t h e Y d i r e c t i o n (Va = 0.0) and t h e f a c e w i t h t h e p o s i t i d e Y d i r e c t i o n as i t s normal has an e n f o r c e d d i s p l a c e m e n t i n t h e p o s i t i v e Y d i r e c t i o n ( v = v ) r e s u l t i n g i n t e n s i o n t r a n s v e r s e t o t h e f i % e r d i r e c t i o n ( F i g . 2 ) . s t r e s s i s t h e n c a l c u l a t e d by a v e r a g i n g t h e r e s u l ta n t f o r c e s o v e r t h e f a c e and d i v i d i n g by t h e f a c e ' s a r e a . E~2 2 and v~2 3 a r e c a l c u l a t e d s i m i l a r l y t o E Q I~ and VQ12 r e s p e c t i v e l y . E t 3 3 and we32 a r e c a l c u l a t e d from a n o t h e r b n i q u e s e t of boundary c o n d i t i o n s i n t h e same way Ea22 and v~2 3 a r e c a l c u l a t e d . 
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I -I n o r d e r t o c a l c u l a t e t h e t h e r m a l e x p a n s i o n c o e f f i c i e n t s aQl1, ~~2 2 , and a~3 3 , a p l a n e i n t h e c e n t e r o f t h e model, w i t h t h e p o s i t i v e X d i r e c t i o n a c t i n g as i t s n o r m a l , i s r e s t r i c t e d from movement i n t h e X d i r e c t i o n ( u 5 = 0.0). T h i s r e s t r i c t i o n a s s u r e s symmetry a b o u t t h e c e n t e r o f t h e model. A t h e r m a l l o a d i s t h e n a p p l i e d t o t h e model, T = To. m i n i n g t h e average of t h e d i s p l a c e m e n t s on t h e end w i t h t h e p o s i t i v e X a x i s as i t s normal and d i v i d i n g by t h e l e n g t h o f t h e model, s i , r e s u l t i n g i n t h e s t r a i n i n t h e 1 1 due t o t h e chanqe i n t e m p e r a t u r e . Now, by d i v i d i n g t h e s t r a i n by t h e change i n t e m p e r a t u r e , one can o b t a i n t h e thermal e x p a n s i o n c o e f f i c i e n t i n t h e 11 d i r e c t i o n .
The first s t e p i n f i n d i n g aQ11 i s d e t e r -( 4 ) a~2 2 i s f o u n d by t a k i n g t h e average d i splacement i n t h e Y d i r e c t i o n and d i v i d i n g by t h e change i n t e m p e r a t u r e and t h e w i d t h .
The c a l c u l a t i o n o f UQ33 i s s i m i l a r t o t h a t o f aQ22, w i t h t h e e x c e p t i o n b e i n g t h a t t h e a v e r -
age d i s p l a c e m e n t i n t h e Z t s d i v i d e d b y t h e change i n t e m p e r a t u r e and b y t h e h e i g h t o f t h e model.
A s e t o f r e f e r e n c e f i n i t e e l e m e n t r u n s f o r PlOO/copper a r e e x e c u t e d w i t h a 0 . 4 6 6 f l b e r volume r a t i o . These r u n s c o n t a Table I w i t h t h o s e p r e d i c t e d by Caruso and Chamis2 and by Hopkins and Chamis4 w i t h v e r y good c o r r e l a t i o n . f i b e r i n t h e c e n t e r o f t h e n i n e c e l l model i s now c o n s i d e r e d ( F i g 3 ) . Room t e m p e r a t u r e (70 OF) m a t e r i a l p r o p e r t i e s a r e used ( T a b l e 11). I n a l l l o a d i n g c o n d i t i o n s , f i b e r s t h a t a r e t o be d i sbonded a r e a l s o c o n s i d e r e d f r a c t u r e d and; t h e r ef o r e , 
i n e d n o d i s b o n d i n g o r f i b e r f r a c t u r e . Composite p l y m a t e r i a l p r o p e r t i e s a r e c a l c u l a t e d from t h e o u t p u t o f t h e s e f i n i t e e l e m e n t r u n s ( T a b l e I). A d d i t i o n a l c o n f i d e n c e was g a i n e d b y comparing t h e p l y p r o p e r t i e s i n
o n g t h e l e n g t h o f t h e f i b e r . A f t e r t h e mesh i s changed t o r e f l e c t t h e n e x t l a y e r of d i sb o n d i n g , t h e l o a d i n g c o n d i t i o n s a r e a p p l i e d and p l y m a t e r i a l p r o p e r t i e s c a l c u l a t e d . R e s u l t s a r e p l o t t e d f o r each o f t h e p l y m a t e r i a l p r o p e r t i e s v e r s e s p e r c e n t d i s b o n d o f t h e t o t a l mesh ( F i g s . 4 t o 7 ) . These p l o t s show t h e p r o p e r t i e
I n t h i s f i r s t s e r i e s
The n e x t s e r i e s of r u n s a r e e x e c u t e d w i t h h i g h t e m p e r a t u r e c o n s t i t u e n t m a t e r i a l p r o p e r t i e s ( T a b l e 11). The t e m p e r a t u r e s e l e c t e d i s 1500 " F .
The r e s u l t s o f t h e m a t e r i a l p r o p e r t y c a l c u l a t i o n s a r e shown i n F i g s . 8 t o 1 1 . Note t h a t t h e s e p l o t s r e f l e c t a l i t t l e o v e r 1 1 p e r c e n t d i s b o n d i n g o f t h e e n t i r e c o m p o s i t e . T h i s i s a r e s u l t o f r e l e a s i n g o n l y t h e c e n t e r f i b e r f o r t h e s e cases c o n s i d e r e d h e r e . The 1 1 p e r c e n t d i s b o n d i n g v a l u e shown on these p l o t s r e p r e s e n t s t h e p o i n t a t which t h e c e n t e r f i b e r i s t o t a l l y d i s b o n d e d and t h e s u r r o u n di n g e i g h t f i b e r s a r e f u l l y bonded t o t h e m a t r i x .
When t h e f r a c t u r e d c e n t e r f i b e r i s c o n s i d e r e d c o m p l e t e l y d i s b o n d e d i t i s s t i l l connected t o t h e m a t r i x m a t e r i a l by a r i n g o f nodes i n t h e p l a n e o f symmetry ( F i g 3 ) . T h i s can add some s t i f f n e s s t r a n s v e r s e l y and i n s h e a r . when a l l n i n e f i b e r s i n t h e model a r e disbonded and t h e room t e m p e r a t u r e boundary c o n d i t i o n s a r e imposed. I n t h i s case t h e p e r c e n t d i s b o n d i n g can go up t o 100 p e r c e n t o f t h e t o t a l f i b e r l e n g t h . Once a g a i n , t h e c o n n e c t i v i t y o f a r i n g of nodes i n t h e p l a n e o f symmetry around each f i b e r i s maint a i n e d a t 100 p e r c e n t d The d e g r a d a t i o n i n t h e p l y m a t e r i a l p r o p e rt i e s c o u l d be i n f l u e n c e d b y t h e d i f f e r e n c e i n t h e c o r r e s p o n d i n g f i b e r and m a t r i x m a t e r i a l p r o p e rt i e s . A s t h e f i b e r s become s t r u c t u r a l l y i n a c t i v e , the m a t r i x m a t e r i a l p r o p e r t i e s have a more s i g n if i c a n t r o l e i n d e t e r m i n i n g t h e c o m p o s i t e ' s g l o b a l p r o p e r t i e s . I d e a l l y . t h e c o m p o s i t e ' s m a t e r i a l p r o p e r t i e s a r e bounded by t h e h i g h e s t and l o w e s t v a l u e s o f i t s c o n s t i t u e n t s ; however, i t w i l l be seen t h a t a c o m p o s i t e p l y m a t e r i a l p r o p e r t y can be l o w e r t h a n t h e l o w e s t c o n s t i t u e n t p r o p e r t y .
The n e x t s e r i e s o f r u n s i s r e p e a t e d f o r h i g h t e m p e r a t u r e c o n d i t i o n s . A l l n i n e f i b e r s a r e r e l e a s e d as d e s c r i b e d above u s i n g m a t e r i a l p r o p e rt i e s t h a t r e f l e c t e d a use t e m p e r a t u r e o f 1500 OF. M a t e r i a l p r o p e r t i e s a r e c a l c u l a t e d and p l o t t e d f o r
Room Temperature P l y P r o p e r t i e s w i t h C e n t e r F i b e r D i s b o n d i n q F i g u r e 4 shows t h e d e g r a d a t i o n o f t h e modulus i n t h e 1 1 , 22 and 33 d i r e c t i o n s due t o d i s b o n d i n g o f t h e c e n t e r f i b e r o n l y . These r e s u l t s r e v e a l t h a t t h e l o n g i t u d i n a l modulus has decreased b y a b o u t 8 p e r c e n t w h i l e d i s b o n d i n g i s a t 1 1 . 1 p e r c e n t o f t h e t o t a l c i r c u m f e r e n t i a l f i b e r a r e a o f t h e model.
The p e r c e n t decrease i n Ea22 and EQ33 for 11.1 p e r c e n t t o t a l f i b e r a r e a d i s b o n d i n g i s 1 . 5 p e r c e n t . From t h e s e r e s u l t s i t can be conc l u d e d t h a t Ea11 i s more s e n s i t i v e t o f i b e r d i sb o n d i n g t h a n t h e t r a n s v e r s e m o d u l i . The d e c r e a s e i n Eel! i s due mostly t o g e o m e t r i c e f f e c t . The g e o m e t r i c e f f e c t i s t h e h o l e s l e f t b e h i n d by t h e 
e produced a decrease i n t h e t r a n s v e r s e t h e r m a l expansion c o e f f i c i e n t s by 0 . 3 p e r c e n t . T h i s decrease i s m i n i m a l and may be c o n s i d e r e d t o be i n s i g n i f i c a n t .
The l i n e d e s c r i b i n g t h e change i n t h e l o n g it u d i n a l thermal e x p a n s i o n c o e f f i c i e n t i s a l s o d i s p l a y e d i n F i g . 7 . ~~1 1 i n c r e a s e d b y 20 p e rc e n t when t h e c e n t e r f i b e r i s t o t a l l y disbonded.
Of a l l t h e m a t e r i a l p r o p e r t i e s c o n s i d e r e d , aQ11 i s t h e most s e n s i t i v e t o c e n t e r f i b e r d i s b o n d i n g and i s v e r y s i g n i f i c a n t . H i q h Temperature (1500 O F ) P l y P r o p e r t i e s w i t h C e n t e r F i b e r D i s b o n d i n q F i g u r e 8 shows t h e d e g r a d a t i o n o f l o n g i t ud i n a l and t r a n s v e r s e m o d u l i . S i n c e 11.1 p e r c e n t of t h e e f f e c t o f t h e f i b e r has been removed due t o t h e t o t a l d i s b o n d i n g o f t h e c e n t e r f i b e r , a decrease of o n l y a 7 . 3 p e r c e n t i s w i t n e s s e d i n E Q I~. T h i s decrease i s of t h e same magnitude as t h a t observed for t h e room t e m p e r a t u r e E Q I~. The c o n c l u s i o n i s t h a t , t h e change i n E Q !~ b r o u g h t a b o u t by c e n t e r f i b e r d i s b o n d i n g i s s i g n i f i c a n t . 2 p e r c e n t when t h e c e n t e r f i b e r i s disbonded ( F i g . 8). T h i s decrease i s due t o t h e reduced e f f e c t i v e c r o s s -s e c t i o n a l a r e a , and t h e subsequent
reduced t r a n s v e r s e s t i f f n e s s o f t h e composite, as r e s u l t i n g from t h e d i s b o n d i n g o f t h e c e n t e r f i b e r . T h i s h o l e removes some o f t h e s t i f f n e s s f r o m t h e model r e s u l t i n g i n a l o w e r t r a n s v e r s e modulus.
Note t h a t t h i s decrease i s a l m o s t t h e same as t h e
room t e m p e r a t u r e decrease i n E~2 2 and E~3 3 .
I n F i g . 9 t h e P o i s s o n ' s r a t i o s o f t h e comp o s i t e a r e p l o t t e d . VQ12 and v~2 3 decrease b y a p p r o x i m a t e l y 1 . 5 p e r c e n t when t h e c e n t e r f i b e r i s disbonded f u l l y . When compared t o t h e room t e m p e r a t u r e r e s u l t s , i t i s e v i d e n t t h a t t h e r e i s a s m a l l i n c r e a s e i n t h e change o f VQ12, and t h e change i n v~2 3 i s a b o u t t h e same. From t h e s e Due t o g e o m e t r i c e f f e c t s , E~2 2 decreases by
r e s u l t s i t may be c o n c l u d e d t h a t t e m p e r a t u r e has l i t t l e e f f e c t on t h e r a t e o f d e a r a d a t i o n o f P o i s s o n ' s r a t i o s . VQ12, ~~1 3 . u t 2 3 and we32 may a l l be c o n s i d e r e d t o be r e l a t i v e l y i n s e ns i t i v e t o c e n t e r f i b e r d i s b o n d i n g . G Q ]~ degrades by a l m o s t 5 p e r c e n t w i t h t h e d i s b o n d i n g o f t h e c e n t e r f i b e r ( F i g . 10)
. The change i n G~1 2 a t room temperature i s 3 p e r c e n t and a t h i g h t e m p e r a t u r e i t i s 5 p e r c e n t when t h e c e n t e r f i b e r i s disbonded. G~2 3 , a t h i g h tempera t u r e , has degraded b y a l m o s t 3 p e r c e n t when t h e c e n t e r f i b e r has t o t a l l y disbonded. G~1 2 and G~2 3 can a l l be s a i d t o be r e l a t i v e l y i n s e n s i t i v e t o c e n t e r f i b e r d i s b o n d i n g .
F i g u r e 11 c o n t a i n s t h e p l o t s t h a t r e p r e s e n t t h e changes i n t h e r m a l expansion c o e f f i c i e n t s a t h i g h t e m p e r a t u r e as t h e c e n t e r f i b e r i s disbonded.
4222 i n c r e a s e d b y l e s s t h a n 1 p e r c e n t , an i n s i g n if i c a n t amount.
I n f i g u r e 11, aQ11 shows an i n c r e a s e o f 17.3 p e r c e n t when t h e c e n t e r f i b e r i s c o m p l e t e l y disbonded w h i c h r e p r e s e n t s a decrease i n e f f e c t i v e f i b e r a r e a o f 11.1 p e r c e n t . T h i s change i n a211 i s s i g n i f i c a n t and c l o s e t o t h e p e r c e n t change i n aQ11 a t room t e m p e r a t u r e .
Room Temperature P l y P r o o e r t i e s \ w i t h A l l F i b e r s D i sbondi n q The e f f e c t o n t h e p l y m o d u l i o f a l l t h e f i b e r s d i s b o n d i n g i s p l o t t e d i n F i g . 12. The d e g r a d a t i o n o f E~l l i s now o b v i o u s l y n o n l i n e a r . E~l l , w i t h 100 p e r c e n t f i b e r d i s b o n d i n g , has decreased b y 78.2 p e r c e n t and i s l o w e r t h a n Em. The c y l i n d r i c a l h o l e s l e f t b y t h e disbonded f i b e r s
decrease t h e s t i f f n e s s o f t h e composite, much l i k e a sponge. The composite can a c t u a l l y have a l o w e r modulus t h a n t h a t o f t h e m a t r i x a l o n e . E~2 2 decreased by o n l y 15 p e r c e n t w i t h 100 p e r c e n t f i b e r d i s b o n d i n g ( F i g . 12). The decrease i n E~2 2 i s due t o t h e sponge e f f e c t .
I n F i g . 1 3 VQ12 i n c r e a s e s u n t i l a b o u t 2 5 p e r c e n t d i s b o n d i n g , t h e n VQ12 decreases g r a du a l l y t o 100 p e r c e n t d i s b o n d i n g . T h i s phenomenon w i l l have t o be examined i n f u t u r e work.
One hundred p e r c e n t d i s b o n d i n g b r o u g h t a b o u t a decrease i n ~~2 3 o f 2 6 . 7 p e r c e n t as shown i n F i g . 13. The v a l u e a t 100 p e r c e n t d i s b o n d i n g i s l e s s t h a n t h a t o f t h e m a t r i x a l o n e . T h i s may be due to t h e spongy e f f e c t o f t h e disbonded comp o s i t e , where a s i g n i f i c a n t p e r c e n t a g e o f t h e t r a n s v e r s e d i s p l a c e m e n t s t a k e p l a c e i n t h e c y l i nd e r s l e f t b y t h e disbonded f i b e r s , r e s u l t i n g i n l e s s t r a n s v e r s e s t r a i n .
F i g u r e 1 4 r e p r e s e n t s t h e r e s u l t s o f disbondi n g o n t h e shear moduli a t room t e m p e r a t u r e . B o t h G~1 2 and G~2 3 show an a p p r o x i m a t e d e g r a d a t i o n o f 25 p e r c e n t when t h e f i b e r s a r e c o m p l e t e l y disbonded. A s b e f o r e , a t 100 p e r c e n t d i s b o n d i n g , t h e s e p l y p r o p e r t i e s a r e l o w e r i n v a l u e t h a n t h a t o f t h e m a t r i x m a t e r i a l a l o n e , presumably due t o t h e sponge e f f e c t d i s c u s s e d e a r l i e r .
F i g u r e 15 shows t h e change i n t h e c o m p o s i t e ' s
thermal e x p a n s i o n c o e f f i c i e n t s when d i s b o n d i n g i s t a k e n from 0 t o 100 p e r c e n t a t room t e m p e r a t u r e . aQ11 i n c r e a s e s d r a s t i c a l l y as t h e d i s b o n d i n g i n c r e a s e s . A t 100 p e r c e n t d i s b o n d i n g , aQ11 has i n c r e a s e d b y 557 p e r c e n t . The v a l u e of at11 a t 100 p e r c e n t d i s b o n d i n g i s V i r t u a l l y i d e n t i c a l t o t h a t o f t h e m a t r i x a l o n e .
C o n c l u s i o n s
From t h e seen t h a t , i n r e s u l t s o f t h i s a n a l y s i s i t can be g e n e r a l , s i n g l e f i b e r f r a c t u r e and
The d e g r a d a t i o n o f a~2 2 i s a l s o d e p i c t e d i n F i g . 15. aQ22 degrades b y o n l y 14 p e r c e n t when a l l f i b e r s a r e c o m p l e t e l y disbonded. The s i g n i f i c a n c e i n t h e s e r e s u l t s i s t h a t t h e f i n a l v a l u e f o r a~2 2 and a~3 3 i s v i r t u a l l y equal t o am. T h i s would t e n d t o i m p l y t h a t t h e sponge e f f e c t d i s c u s s e d e a r l i e r has l i t t l e e f f e c t on t h e r m a l e x p a n s i o n . I t i s s i g n i f i c a n t t o n o t e t h a t aQ11, aQ22, and a~3 3 a l l approach a, when t h e composite i s a p p r o a c h i n g a q u a s i -m o n o l i t h i c s t a t e .
H i q h Temperature (1500 "F) P l y P r o p e r t y W i t h A l l . T h i s c u r v e i s s i m i l a r i n shape t o t h a t o f room t e m p e r a t u r e Ea11 e x c e p t i t i s s h i f t e d down t h e o r d i n a t e . The t o t a l d e c r e a s e i n E Q I~ i s 8 5 . 6 p e r c e n t and i t s v a l u e a t 100 p e r c e n t d i s b o n d i n g i s lower t h a n t h a t o f t h e m a t r i x a l o n e . A g a i n , t h i s i s p r o b a b l y due t o t h e sponge e f f e c t . The t r a n s v e r s e modulus E~2 2 degrades b y 20.6 p e r c e n t a t 100 p e r c e n t f i b e r d i s b o n d ( F i g 1 6 ) .
F i g u r e 17 shows t h e e f f e c t o f f i b e r disbondi n g o n t h e P o i s o n ' s r a t i o s a t h i g h t e m p e r a t u r e f o r a l l f i b e r s d i s b o n d i n g . As w i t h t h e room temper-
a t u r e r e s u l t s , VQ12 i n c r e a s e s i n i t i a l l y and t h e n b e g i n s t o decrease a t a b o u t 25 p e r c e n t d i s b o n d i n g . The t o t a l decrease i n VQ12, f r o m 0 p e r c e n t d i sb o n d i n g t o 100 p e r c e n t d i s b o n d i n g , i s 9.1 p e r c e n t . v~2 3 decreases l i n e a r l y w i t h f i b e r d i s b o n d i n g as seen i n F i g . 17. These m a t e r i a l p r o p e r t i e s decreased by 29.6 p e r c e n t when 100 p e r c e n t d i sb o n d i n g i s r e a c h e d . w i t h f i b e r d i s b o n d i n g . G~1 2 decreased by 35.7 p e r c e n t when t h e c o m p o s i t e i s a t 100 p e r c e n t d i s b o n d i n g . T h i s i s t h e same t r e n d seen a t room t e m p e r a t u r e . The d e g r a d a t l o n of G~2 3 . as seen i n F i g . 18, i s s l i g h t l y n o n l i n e a r b o t h a t h i g h t e m p e r a t u r e and a t room t e m p e r a t u r e ( F i g . 1 4 ) . G~2 3 shows a s l i g h t i n c r e a s e i n s l o p e a f t e r a b o u t 25 p e r c e n t d i s b o n d i n g .
The t o t a l decrease i n G~2 3 i s 34.2 p e r c e n t a t 100 p e r c e n t d i s b o n d .
t h e r m a l e x p a n s i o n c o e f f i c i e n t s t h r o u g h t h e range of 0 t o 100 p e r c e n t d i s b o n d i n g a t 1500 "F. p e r c e n t d i s b o n d i n c r e a s e d , a s i g n i f i c a n t i n c r e a s e i n aQ11 i s e v i d e n t . A t 100 p e r c e n t d i s b o n d i n g , aQ11 has i n c r e a s e d by 799 p e r c e n t and i s v i r t u a l l y t h e same as a~2 2 and aaq3 a t 100 p e r c e n t d i sb o n d i n g . The d e g r a d a t i o n n 4~2 2 appears t o be m i n i m a l . The t h r e e t h e r m a l e x p a n s i o n c o e f f i c i e n t s approach t h e v a l u e o f t h e m a t r i x e x p a n s i o n c o e ff i c i e n t a t 100 p e r c e n t f i b e r d i s b o n d i n g . F i g u r e 18 shows a l i n e a r decrease i n
F i g u r e 19 d e p i c t s t h e change i n t h e c o m p o s i t e ' s
As t h e d i s b o n d i n g have l i t t l e e f f e c t o n most o f t h e m a t e r i a l p r o p e r t i e s . O f t h e m a t e r i a l p r o p e r t i e s c o n s i d e r e d , t h e l o n g i t u d i n a l t h e r m a l e x p a n s i o n c o e f f i c i e n t at11 and t h e l o n g i t u d i n a l modulus H i g h t e m p e r a t u r e r e s u l t s i n d i c a t e a s h i f t i n t h e v a l u e o f t h e m a t e r i a l p r o p e r t i e s w h i l e maint a i n i n g t h e same r a t e of d e g r a d a t i o n as i n t h e room t e m p e r a t u r e r e s u l t s . bonded, more s i g n i f i c a n t changes i n t h e m a t e r i a l ' s p l y p A I A A 2 9 t h S t r u c t u r e s , S t r u c t u r a l Dynamics, and M a t e r i a l s , Conference, P a r t 3 . A I A A , 1988, pp. 1388-1400. 
